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I.  INTRODUCTION 


A common  requirement  for  tube  launched  missiles  is  that  the 
aerodynamic  stabilizing  surfaces  be  approximately  the  same  diameter 
as  the  missile  body  when  in  the  tube.  Several  devices  have  been 
designed  and  tested  which  satisfy  this  requirement.  Among  these  are: 
wraparound  fins,  folding  fin  configurations,  and  trailing  ring-tails. 
All  of  these  devices  have  disadvantages  in  certain  flight  conditions. 
Wraparound  fins  generally  have  large  induced  roll  moments  which  vary 
with  Mach  number.  Folding  fins  usually  have  a high  aspect  ratio  and, 
therefore,  lose  much  of  their  stabilizing  effectiveness  at  high 
supersonic  Mach  numbers.  The  effectiveness  of  trailing  ring-tails  is 
graatly  reduced  by  an  underexpanded  rocket  plume;  and  therefore,  they 
are  not  suitable  for  a high  acceleration  rocket  with  a motor  burning 
after  tube  exit. 

An  alternate  to  the  above  stabilizing  devices  is  a split  flare 
which  would  be  folded  into  a cylindrical  shape  while  in  the  launch 
tube  and  expanded  into  a partial  or  split  flare  upon  tube  exit. 
Intuitively,  this  configuration  would  have  two  advantages  over  the 
other  stabilizing  devices  suitable  for  a tube  launched,  high  accelera- 
tion, supersonic  rocket.  Solid  flares  are  more  effective  than  fins  as 
stabilizing  devices  at  high  supersonic  Mach  numbers;  therefore,  a 
split  flare  may  also  be  more  effective.  Also,  a solid  flare  is  an 
effective  device  for  inhibiting  the  onset  of  the  adverse  effects  of  an 
underexpanded  rocket  plume  on  rocket  static  stability;  therefore,  a 
split  flare  may  also  be  effective  as  a thrust  effects  inhibitor. 

Wind  tunnel  data  were  obtained  for  seven  model  configurations 
consisting  of  solid  flares,  split  flares,  and  a cylindrical  afterbody 
in  the  presence  of  a normal  jet  plume  simulator. 

Mach  number  wgs  varied  from  0.7  to  1.4,  and  the  angle  of  attack 
range  was  -4  to  6 . The  effect  of  roll  angle  on  split  flare  effect- 
iveness was  investigated. 


II.  EXPERIMENTAL  PROGRAM 


A.  Teat  Facility. 

The  AEDC-PWT  Aerodynamic  Wind  Tunnel  (IT)  is  a continuous  flow, 
nonreturn  facility,  with  Mach  number  capability  from  0.2  to  1.5. 

The  tunnel  total  pressure  is  essentially  nonvariant  at  approximately 
2850  psfa  with  ± 5 percent  variation.  The  total  temperature  variation 
can  be  controlled  from  80  to  120  degrees  F.  The  teat  section  is  one 
foot  square  and  37.5  inches  long  with  6 percent  porosity  with  all 
four  perforated  walls  installed. 
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During  the  visualization  phase  the  sidewalls  were  replaced  with 
solid  transparent  walls. 

A more  detailed  description  of  ths  IT  facility  may  be  found  in  the 
AEDC  Test  Facility  Handbook  (reference  1). 

B.  Model 

The  model  was  a sting  mounted  body  of  revolution  having  a diameter 
of  1.1  inches , Figure  1.  It  had  a 3-caliber,  tangent  ogive  nose  and 
a total  length  of  10,4  calibers  (11.44  in.).  A cylindrical  afterbody, 
two  solid  flare  afterbodies,  and  four  split  flare  afterbodies  were 
tested.  All  afterbodies  were  the  same  length  (1.725  in.)  with  two 
base  diameters  used  for  the  solid  and  split  flare  configurations 
(1.705  in.  and  2.071  in.).  The  split  flare  afterbodies  had  either 
6 or  12  petals,  and  one  of  the  6-petal  configurations  had  partially 
filled  slots  or  skirts.  The  model  assembly  is  shown  in  Figure  2, 
and  the  afterbodies  tested  are  shown  in  Figure  3.  The  plume  simulator 
was  located  0.73  in.  behind  the  model  base.  Effective  plume  shape  was 
controlled  by  regulating  nitrogen  flow  through  12  holes,  5/64  in. 
diameter,  equally  spaced  around  the  circumference  of  the  simulator. 

The  simulator  had  a total  sonic  jet  orifice  area  of  6%  of  the  model 
cross-sectional  area  and  was  0.815  in.  in  diameter.  Detailed  descrip- 
tions of  the  plume  simulator  and  all  model  parts  are  contained  in 
MIRADCOM  drawings  TDK- 13900  series. 

Model  Nomenclature 

C Cylindrical  afterbody 

FDl  Small  diameter  solid  flare  afterbody 

FD2  Large  diameter  solid  flare  afterbody 

F6D2  Large  diameter,  6-  r tal,  split  flare  afterbody 

F6D2S  Large  diameter,  6-petal,  split  flare  afterbody,  skirt 

F12D1  Small  diameter,  12-petal,  split  flare  afterbody 

F12D2  Large  diameter,  12-petal,  split  flare  afterbody 


III.  TEST  PROCEDURE 


All  configurations  were  tested  at  Mach  numbers  of  0.7,  1.05,  1.25, 
and  1.4.  DataQfor  a^single  run  were  obtained  by  varying  angle  of 
attack  from  -4  to  6 while  holding  Mach  number  and  plume  simulator 
chamber  pressure  constant.  The  plume  simulator  nitrogen  supply  was 
adjusted  to  give  the  preselected  chamber  pressure  that  gave  the 
desired  radial  thrust  coefficient  (CRT)  for  the  tunnel  test  section 
conditions.  Nominal  test  conditions  are  given  in  Table  1,  and  the 
values  for  chamber  pressure  at  specified  values  of  CRT  along  with 
the  expression  for  computation  is  contained  in  Table  II.  Zero  roll 
position  for  the  split  flare  configurations  was  with  a petal  flat  up. 
Most  of  the  runs  were  made  at  zero  roll  angle,  but  the  effect  of 
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roll  an  stability  was  investigated  with  the  F6D2  configuration. 

Shadowgraphs  and  oil  flow  photographs  were  taken  at  selected 
test  points. 


IV.  DATA 


All  balance  force  coefficients  are  referenced  to  the  cross- 
sectional  area  of  the  body,  0.95033  sq.  in.  The  moment  reference 
center  is  located  at  model  station  5.83  inches  aft  of  the  nose 
(5.1  calibers  forward  of  the  body  base).  The  moment  coefficients  are 
referenced  to  the  body  cross-sectional  area  times  the  body  diameter 
(1.1  in.).  The  sign  convention  is  the  standard  body  axf”  system, 
positive  nose  up  and  right  (climbing  right  turn) . The  two  base 
pressures  were  averaged  and  ratioed  to  the  free  stream  ambient 
pressure.  Corrections  to  angle-of-attack  were  made  for  sting  and 
balance  deflections  caused  by  aerodynamic  loads  and  model  weight. 

The  2o  data  uncertainties,  calculated  from  the  balance  calibra- 
tion, are  shown  in  Table  III. 


V.  DISCUSSION  AND  RESULTS 


There  are  two  primary  geometry  differences  between  the  split 
flares  and  solid  flares,  and  the  effects  of  these  differences  are 
qualitatively  easy  but  quantitatively  difficult  to  predict.  First, 
the  split  flares  have  less  surface  area  than  solid  flares  of  the 
same  length  and  diameter.  Intuitively,  the  effect  of  this 
difference  would  be  reduced  stabilizing  effectiveness  for  the  split 
flare,  but  not  a reduction  equal  to  the  surface  area  ratio,  because 
of  petal-to-petal  interference. 

Second,  the  split  flare  probably  would  not  inhibit  the  onset  of 
afterbody  flow  separation  due  to  an  underexpanded  jet  plume  as  well 
as  the  geometrically  similar  solid  flare  because  of  the  high  base 
pressure  feeding  up  through  the  splits  in  the  afterbody.  In  this 
study  the  effects  of  base  diameter,  number  of  petals,  and  a partial 
fill  in  skirt  on  split  flare  stabilizing  effectiveness  as  compared 
to  solid  flares  are  investigated. 

The  basic  longitudinal  stability  coefficients  for  all  configura- 
tions tested  are  shown  in  Figure  4.  Typical  variation  of  base  pressure 
with  CRT  is  shown  in  Figure  5.  The  data  in  this  figure  was  taken 
at  Mach  number  1.25  and  zero  angle  of  attack.  A comparison  of  the 
plateau  base  pressure  of  the  afterbodies  tested  gives  an  indication 
of  their  effectiveness  in  inhibiting  flow  separation,  with  a high 
plateau  pressure  indicating  a good  flow  separation  inhibitor. 
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As  expected,  the  large  diameter,  solid  flare,  FD2 , has  the  highest 
base  pressure  plateau  and  the  cylindrical  afterbody  yields  the  lowest 
base  pressure  plateau.  The  data  shows  that  the  6-petal  conf iguration 
is  more  effective  than  the  12-petal  configuration  and  that  the  skirt 
added  to  the  6-petal  configuration  causes  little  change  in  base 
pressure  plateau. 

Normal  force  coefficient  and  pitching  moment  coefficient  versus 
angle  of  attack  slopes  at  small  angles  of  attack  are  shown  as  a 
function  of  CRT  in  Figure  6.  Clearly,  the  large  diameter,  solid  flare, 
FD2,  is  the  most  effective  stabilizing  afterbody  tested.  The  6-petal, 
large  diameter  split  flare  and  the  addition  of  the  fill-in-skirt  to 
the  large  diameter  split  flare  increases  its  stabilizing  effectiveness 
very  little.  Total  axial  force  coefficients  for  all  configurations 
tested  are  shown  in  Figure  7. 


SUMMARY  AND  CONCLUSIONS 


This  report  is  a study  of  the  aerodynamic  stabilizing  effective- 
ness of  several  split  flare  afterbodies  suitable  for  use  in  tube 
launched,  free  rocket  design.  The  split  flares  were  compared  to  solid 
flares  with  the  same  base  diameter  and  length  in  a transonic  wind 
tunnel  test.  Mach  number  was  varied  from  0.7  to  1.4  and  angle  of 
attack  from  -4°  to  6 . 

The  following  conclusions  were  drawn  from  this  study: 

1)  The  solid  flares  are  more  effective  aerodynamic  stabilizing 
devices  than  the  split  flares  of  the  same  base  diameter  and  length. 

2)  The  6-petal  split  flare  is  a more  effective  aerodynamic 
stabilizing  device  than  the  12-petal  split  flare. 

3)  The  addition  of  partial  fill-in-skirts  to  the  6-petal  split 
flare  design  only  caused  a slight  increase  in  aerodynamic  stabilizing 
effectiveness. 
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NOMENCLATURE 

SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

total  measured  axial  force  coefficient 

Sn 

CLM 

pitching  moment  coefficient 

CN 

CN 

normal  force  coefficient 

Cm 

a 

Cu 

ALPHA 

pitching  moment  slope  at  zero  angle  of  att. 

CN 

a 

WALPHA 

normal  force  slope  at  zero  angle  of  attack 

CRT 

CRT 

radial  thrust  coefficient 

FA 

axial  force 

FN 

normal  force 

FY 

side  force 

£ref 

LREF 

reference  length,  in. 

MZ 

rolling  moment 

pitching  moment 

Mn 

yawing  moment 

Mco 

MACH 

tunnel  test  section  Mach  number 

VP» 

base  to  tunnel  static  pressure  ratio 

Pt 

tunnel  stagnation  pressure,  psfa 
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NOMENCLATURE  (Continued) 


PLOT 


SYMBOL 

SYMBOL 

DEFINITION 

tunnel  test  section  dynamic  pressure. 

psf 

rn 

Reynolds  number,  per  foot 

Sref 

SREF 

reference  area  used  to  reduce  data  to 
form,  in. 

coefficient 

x 

mrp 

XMRP 

moment  reference  point  on  X axis 

a 

ALPHA 

angle  of  attack,  degrees 

♦ 

PHI 

angle  of  roll,  degrees 

S 


r 


TABLE  1.  NOMINAL  TEST  CONDITIONS. 


P 

(ps 

fa) 

(psf) 

RN  x 10‘6 
(per  ft.) 

0.7 

28 

50 

705 

4.426 

1.05 

1090 

5.237 

1.25 

1204 

4.999 

1.4 

1 

i 

1229 

4.916 

jj* 


I- 

k 

I 

i 

l 

I 

»■ 
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TABLE  2.  NOMINAL  PLUME  SIMULATOR  CHAMBER  PRESSURE. 


MACH 

err 

ua 

til 

111 

EH 

7.0 

9.1 

10.2 

11.2 

14.2 

16.6 

18.6 

25.5 

0.7 

395 

661 

1190 

1630 

1.05 

255 

615 

1120 

1630 

1.25 

280 

557 

1005 

158C 

1.40 

280 

<1-60 

800 

1265 

CRT  = Arj  (0.5283  x Pc  (1.4  x Mj2  + 1)  - Ps/144  / (Apef  x q/144) 

where 

= Total  exit  area,  12  orifices 

Anj/Aref  = °-06 

= Sonic  jet  (H=1.0) 

q = Free  stream  dynamic  pressure,  psf 
Pc  = Chamber  pressure  In  simulator,  psi 
P£  - Tunnel  static  pressure,  psf 
P = 2850  psf  --  tunnel  total  pressure 

V 
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Figure  2.  Model  assembly. 
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Figure  3.  Model  details  and  identificat; 


Figure  4.  Thrust  effects  on  stability  coefficients. 


Figure  4.  Continued. 


Figure  4.  Continued. 
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Figure  4.  Continued.  FD2 
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Figure  4.  Continued.  F12D1 
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Figure  4.  Continued.  F12D1 
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Figure  4,  Continued.  F6D2 


Continued.  F6D2,  PHI-30  DEG 
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Continued.  F6D2,  PHI=30  DEG 


Figure  4.  Continued.  F6D2,  PH 1“ 180  DEG 
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Figure  6.  Thrust  effects  on  initial  normal  force  and  pitching  moment 

coefficient  slopes. 
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Figure  6.  .Continued. 
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Figure  6.  Continued. 
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Figure  7.  Continued.  F12D1 
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